On-time delivery is the most critical issue for every profitable manufacturing enterprise. Meeting delivery requirements demands excellent production planning. The aim of the present paper is to show the results of a study realized at the manufacturing company in order to optimize the production flow and the productivity of the standard line of the TVs. TV is a very large consumer product and subject to rapid obsolescence. Besides, it has a strong "customization" (about 300 different units) due to two causes: 1) a strategic one, linked to the personalization of the TV as a result of a multiplicity of models required by the customers; 2) a technological one, linked, on the contrary, to the customers' heterogeneity themselves. Through techniques of simulation we have reduced the work in process and the dimension of the final storehouse with the introduction of a buffer opportunely dimensioned.
Introduction
Complex manufacturing systems are confronted with a large number of products whose mix is changing over time. The TVs are sent to different countries of the world, this causes a different process with the consequent proliferation of the product. After a careful examination of all the phases, lasted more than 8 months, and after the computer simulation of the whole line, we have located as a crucial point of the whole production process the storehouse situated at the terminal part of the line, called "Final". In fact, the present storehouse was meant for gathering various selections of TVs of the standard line, and is formed by 42 aisles, good for storing the same number of selections. Within a week or a month, the reality of the production mix produces a number of selections equal to 70/90. This is caused by the high recycling of the "final", about 35% of the gross loss, and by the mix changes which determine a constant presence of families and selection out of the established planning. As a consequence, it is necessary the employment of labour for the packing of the finished products (about 800/1000 pieces/day) that cannot find a place in the aisles of the storehouse, since they are used for the remaining selections. But, it might happen that some models in the storehouse are not required by the planning for whole weeks, thus remaining stored for a long time in some of the 42 aisles available and taking away the place to the new arrivals which are to be stored by hand very often. Therefore, it is evident that a right management and dimensioning of the final storehouse would be desirable. In order to be able to solve this engulfing we thought of creating an interoperation storehouse. Such solution involved, of course, two immediate problems: 1) Where to place the buffer; 2) The dimensions of the buffer. The aim of the present paper is to propose a methodological approach useful to optimize the production flow in a manufacturing company. The work is structured in section 2 in which the process is described, section 3 in which results are analyzed and finally conclusions are presented in section 4.
Description of the process

Analysis of the parameters
In order to be able to make the proposed solution efficient it was necessary to determine the "strategic" point of the process. The strategic point is where the extremist proliferation of the product took place. The best location of such storehouse has been determined in an area behind the SUM (Set Up Machine) phase. Such phase consists of a regulation of the TVs. From the analysis of the data process it was possible to determine the following parameters and analyze their variation during a period of time:
 the flow is subdivided according to the family per hour, on the basis of the remarks made on the platform;  course of the process of summing subdivided according to the family for various typologies of SUM (G1, G2), for a different number of machines devoted to every single family of product. During the phase of analysis of the data we have noted the systematic lack of an interval of time monitored of 10-20%. A deep analysis of the methods used for the measurement of the phases considered has pointed out that some phases of the process of summing were not reported in the collection of statistical data. Besides, some data, such as the SMT (Sum Mean Time), were not influenced by phases fulfilled in parallel (for instance, the phase of unloading of the SUM machine), causing a reduction of the WMT (Working Machine Time). The study has been subdivided into two different phases:
1. phase of analysis of the "push", or analysis of what is sent to the sum stations according to the time; 2. phase of analysis of the "pull", or analysis of summing detailed per family and per number of SUM.
Push analysis
In the first phase of the study, we have collected and analyzed the data concerning the assembly phase. Such data, cleaned from peculiarities due to the week-ends, have been tabulated and analyzed. Therefore, after the definition of media, max, min, standard and medium deviation, the data have been defined according to the time for each product realized. Once we obtained significant data, we started through simulation the size of the buffer necessary for every family of products, such as to guarantee a flow out of TVs perfectly constant during the period of time considered. The results make us consider a storing capacity "c" of about 150-200 pieces per SUM, (that is a buffer capable of containing almost a shift). This datum is rather high and not to be proposed for a practical realization. But, removing some of the basic hypotheses, that is, accepting a variability of the flow out, it is possible to reduce considerably the necessary capacity. In fact, as you can see from In Figure 1 and 2, we reported the capacity of the buffer to change according to the time for one of the products examined; it is possible to see the difference of load for each of the two solutions (the quantity of processed products is shown on the vertical axis and the simulation time is shown on horizontal axis). At last, in order to guarantee a constant feeding to the SUM, it would be necessary to foresee a warehouse for about 4000/5000 TVs. Removing some of the basic hypothesis, or in the hypothesis of variability out, it would be possible to pass to a warehouse of about 1000 pieces (that is 40 per SUM, for a total amount of 1.5 h of back up). 
Pull analysis
This part of the analysis was carried out using computer simulation instruments. The models identified were divided according to family and type of aggregation (1,2,3,4,7 SUM). For each model produced, we reported:  maximum capacity of the buffer time lacking Tvs;  downtime;  number of TVs processed. An example of the outputs of the simulations made for a product, are shown in Table 2 , 3, 4 "Results of the simulations). The model of simulation used is realized so as to leave unchanged the logic of working of the process of SUM as regards the real activity. It consists of 4 basic elements:  a buffer with a monitoring system and with automatically increasable capacity in order to be able to face situations of overload of the line;  a conveyor belt to carry the TVs from the buffer to the line of access to the SUM;  a battery with maximum capacity of 24 TVs, from which the SUM can collect the TVs to be processed;  a SUM machine on which 4 types of operation can take place (summing, reset, nosum 1, nosum 2). The buffer has been planned as a modular box. In it, it is not possible to store a mix of the various families of the product, but only products belonging to the same family, whether it is processed by 1 or by 7 SUM. So every family becomes independent of the others.
Generally, the feeding of the model is made with a flow that has a course variable during a period of time and according to a normal curve. In the case of a model with more than a SUM, the feeding of the various SUM is made random; there is no priority of feeding of the various machines, but they are equivalent. The conveyor belt takes more than 10 minutes to carry the TV from the buffer to the Sum. In this way it is guaranteed the phase of preheating of the TV before the phase of summing. The battery, after reaching the capacity of 24 TVs, refuses the load of further units, transferring them to other SUMS if it is possible or increasing the value of accumulation of the buffer. The duration of each simulation was of 38.880 minutes corresponding to 81 shifts on 27 working days. In this way, more reliable results were obtained, though it was heavier as regards a shorter duration the simulations were realized with the variation of the feeding levels of the machines, as well as for the different characteristics of idle machine.
Analysis of results
Results show that it is evident the necessity of having a buffer with a capacity of about 50 TVs for SUM, connected with the current value of WMT. Such value, even if it is high, gives, anyway, an idea of the TVs that might find themselves, at a particular moment, in the holders of the feeding system of the SUM, with a probability of engulfing of the system itself.
The results of the first row (product a66fs), concerning the shape at single machine, are interesting. Though it appears a value of RTT (Request TV Time) of 42% (or rather the machine is used only for 58% of its capacity), eight TVs are refused by the machine and are sent back in recycle in their holders. As regards the a688sf type, on the contrary, the value assumed by the parameter IMT (Idle Machine Time)+IRT (Idle Robot Time) (14%) seems to be particularly high. The data have been graphed for every family and/or type, reporting the maximum theoretical size of the buffer concerning each SUM and the corresponding values of RTT. An example is shown in Figure 3 . From an analysis of the diagram, seeing the asymptotical course of the curve relative to the sizing of the buffer, we deduce that the cost for storing the product is rising when the value of the TMC is decreasing. The course is equal for all the families and types of products. In order to be able to compare the data relative to the different typologies, they have been reported on a further graph (Figure 4) , where on abscissa is reported the value of the RTT% and on ordinate the specific capacity (or for every SUM) of the buffer. It is interesting to note how the "isosum", or the curves characterized by the same number of SUM, are more and more smashed when the number of SUM devoted to the families is increasing. Besides, it is evident that the need to have a buffer diminishes on the increasing of the use of the machines, and that the capacity of the buffer is inversely proportional to the number of SUMS used. A further analysis has been made on the dependence of the curves according to IMT. From the diagram in Figure 5 , it is possible to note that the a66of type, characterized by a medium value of IMT equal to 9.2%, requires the buffer more than the a51ot type. Figure 5 . Buffer vs RTT -simulation 2
The curve of the a68sf type is placed even higher; it is characterized by a IMT value of 14%, as well as by the fact that is has only two machines devoted to this type. As regards the a51ot type, an analysis of sensibility has been made in order to verify the dependence of the buffer capacity when the feeding flow of the system changes. Particularly, the simulation consisted in feeding the 4 machines alternatively, at first with a constant flow of 12 pieces per hour and then with one of 263 pieces/hour. The results obtained are not far from the ones obtained in the case of "regular" flows. Therefore, the benefit obtainable by making the feeding constant is negligible compared to the benefit obtainable by decreasing the influence of the IMT. From the analysis, it is clear that the capacity of the buffers is influenced by the degree of their use, by the number of SUMS devoted to process a stated family of products, as well as by the medium value of IMT (Idle Machine Time)+IRT (Idle Robot Time). With the aid of the graphs, it was possible to evaluate the size of the buffer to be used for a defined product according to the value of RTT wanted. In the same way, it is possible to determine the level of saturation of the machines, being known the maximum value acceptable of the buffers capacity. For example, connected with a saturation level of the machines of 97% and supposing to use 3 SUMS for each family, the maximum size of the buffer shall be of about 100 TVs per SUM, or 2,400 for 24 SUMS with automatic load. On the contrary, supposing that only one SUM machine is devoted to each family, the necessary buffer will be of about 150 TVs per SUM, or 3,600 on the whole. At present, the degree of use of the SUMS is less than 90%. If we want to increase such value up to 93%, devoting only 3 SUMS per family, the buffer we need should be of only 50 TVs per SUM, that is about 1, 200 TVs. Referring to the data relative to the month of March, on the basis of the above considerations, in Table 2 we have calculated the size of the buffer connected with each model of the product and for a different value of the service level (LS=1-TMC=85%; 90%; 95%). The adoption of such solution gives a series of advantages, listed as follows:  Reduction in the products stored, keeping the products really necessary to the production;  Rearrangement of the pieces stored without having recourse to any oversizing of the final warehouse relative to the existing one;  Increase in quality. In fact, since there is a product automatically ordered and managed, there would be avoided manipulations for groundings and reloading of the TVs, often causes of lowering of the general rendering of the system;  Reduction of the final storehouse. Of course, for such advantages, larger investments are required for reorganization of the present storehouse. Therefore, on the basis of the output data of our simulation, we have effected a general study to define the feasibility of the solution proposed.
Conclusion
In this paper, we discussed the application of a simulation based framework to investigate the optimization of production flow within a manufacturing company. The study allows to obtain the several advantages as well as a great economy in the whole management of the standard line. In fact today, at the company, about 1,000 TVs a day are packed: in order to carry out this operation, 12 workers are used during the day, plus 3 more, that is one worker is added to each 4 people employed, in order to guarantee the breaks, for a total of 15 people. The employment of this personnel brings about an expense for the company, of about £ 250,000 (Pound) per year, for the hand packing of the TVs, thus determining the cost of £ 1 for each TV packed. We evaluated that the expense of the machine for the automatic packing, in order to eliminate the employment of the 15 workers/day, is about £ 330,000 plus £ 100,000 for the creation of a new conveyor for the TV. Therefore, we have a total investment of £ 440,000, that would be amortized in a year and a half by the elimination of expenses for the personnel.
